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TeraScale Supernova Initiative

www.tsi-scidac.org

11 Institution, 21 Investigator, 34 Person, Interdisciplinary Effort

= ascertain the core collapse supernova mechanism(s)
= understand supernova phenomenology

*e.g.: (1) element synthesis, (2) neutrino, gravitational wave, and gamma ray signatures
= provide theoretical foundation in support of OS experimental facilities
= develop enabling technologies of relevance to many applications

e.g. 3D, multifrequency, precision radiation transport
= serve as computational science testbed

* drive development of technologies in simulation “pipeline”

(data management, networking, data analysis, and visualization)

A With ISIC and other collaborators:
- 89 people from 28 institutions involved.
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Core collapse supernovae are the dominant source of the elements between oxygen and iron.
Believed to be responsible for half the elements heavier than iron.

Single most important source of the elements in the Universe.
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Requirements and Approach
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Core Collapse and Explosion
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A comparison of key radii in a Newtonian versus a general relativistic model (25 Solar Masses):

Radius

0s

Bruenn, DeNisco, and Mezzacappa (2001)
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Approach

3D Models

With and Without Rotation
With and Without B Fields
Newtonian, GR

2D Models

With and Without Rotation
With and Without B Fields
Newtonian, GR

1D Models

No Turbulence; No Rotation
No B Fields
Newtonian, GR

...also with different weak interactions and EOS.
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Simulation Timelines
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Nucleosyntheqls

2D RHD RbR
2D RMHD RbR
2D RHD MGFLD

Axisymmetric Models (5D)

2D RHD MGBT
3D Hydro-Only
3D RHD RbR L s A
3D RMHD RbR NO Impesea Symmetry (61D)
3D RHD MGFLD .
3D RHD MGBT
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Discovery Through NLCF/NCCS Resources
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Stationary Accretion Shock Instability (SASI)

New ingredient in supernova theory.
Relevance:
Explosion Mechanism
Observables

Confirmed by:
= Janka et al. 2004 }
= Scheck et al. 2004
= Ohnishi et al. 2005

Buras et al. (2003) Physics

3D Model o =8 N W e Parameterized neutrino heating/cooling.

Blondin, Mezzacappa, and DeMarino (2003)
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SASI-Induced Spin

\
SASI-induced counter-rotating flows. \ k ‘ .

#* 35 ms spin period.
= Consistent with observations.

#* Spherically symmetric initial conditions!

Blondin and Mezzacappa (2005)
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Discovery Through NERSC Resources
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First Realistic 2D Supernova Models
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* First 2D models to be able to explore PNS instabilities
in the context of nonlinear numerical simulations.

* First fully 2D models to explore explosion mechanism.
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Swesty and Myra (2005)
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"Enabling Technologies”
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Linear/Nonlmear Systems Underpimning
Neutrino Transport Equations

Progress (in conjunction with TOPS):

Nonsymmetric
2D/3D MGFLD Block Structured
with Outlying

Bands

o Sparse Approximate Inverse Preconditioner
Saylor, Smolarski, and Swesty (2004)

Dense
Center

= Successfully implemented in 2D MGFLD code (V2D). Blocke

< Implicit Hydrodynamics (Reynolds, Woodward, Swesty, Myra) e

Complexity
2D/3D Boltzmann Transport Increases

with AMR
< “ADI” Preconditioner
D’Azevedo et al. (2004)

= Successfully implemented in 1D Boltzmann code (AGILE-BOLTZTRAN).
» Dense LU factorization was used for dense blocks (D’Azevedo).
= Being implemented in 2D/3D Boltzmann code (GenASiS).
» Sparse incomplete LU factorization for dense blocks (D’Azevedo, Eijkhout).
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TSI Worktlows

Logistic Network

= Aggregateto  /-"Bone
= ~500 files (< Local Mass
Input = 2.2GB each) Storage 14+TB)
Data Aggregate
e to one file
(~17TB
each)

Data Depot

HPSS Local 44 Proc. I I
archive Data Cluster

- data sits on local nodes for weeks
Highly Output
Parallel ~_500x500
Compute  files

Viz Viz Software
Wall

A

Viz Client
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Novel networking approaches on “existing” networks.

» Successfully deployed TSI “Logistical Network.”
» Throughputs allowed transfer of TeraBytes of simulation data.
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- Novel networking approaches
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» TSI served as testbed for NSF funded Cheetah project.
 Provisioning and protocols for dedicated, high-bandwidth networks.

2/20/2006 NCCS Users’ Meeting 17
Oak Ridge, TN



"Impedance Matching" Across Heterogenous Networks

Rao

Craly Edge > < Inter- > Network EndI

Nodes Module connect Edge Wide-Area Path Host
Internal Path

Supercomputer
Focus on
= Internal supercomputer network,
= wide-area network,
= and interconnect.
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Parallel /O

' Application
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Local Storage Remote Storage

Enable parallel 1/0 out to the Logistical Network.

Ross, Lee
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* Micro/Macro Scales
* New Techniques

» Surface/Volume

» Hardware/Software
* Interactivity

Shen, Wang
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Progress Toward Automating Worktlows

fDocuments and Settings/xin2/work/spa/waorkflows/spa/TS|-s/TS|

SUNYSB Workflow

File Wiew Edit Graph Debug Help

aca@aDbNOPEESLe

|| lracter library
| mctor library PN Director
| S lkrary
|| Uiities

|| UserLibrary

Sieep

®job_id:
@ path_script pt
@ path_execc !

e seabarg_user:xdnd
@ portal_user: daowen

@ seaborg_undi

@ hpss_rundir: *hpss._di

180000L
SubrmitJob Emleﬂswimn
| i < Expression2

Monitor Exec
don

“/scrajchiscratchdirs/" + sdaborg_user + Yseabprg_dif"

= "Done!"

gopep Wait
tiggey] !dans

Expressiona
tinput

Process Fi
dolate

& portal_rundir: ‘porial_dg*

@ senborg_name: seaborg nerscgov
@ portal_name: kyoto.

@ cmd_lgs:"lige -u "+ seaborg_usar

wemd_ks_seabarg: s -t " + seaborg_rundic

@ cmd_is_hpss:hslis -1° + hpss_rundir + 7 + Inputfile

@ cmd_ls_portal: s -1 ™ + portal_rundir + " + inputfle

® cmd_mkdir_hpss: "hsi mkdir -p*
e cmd_mkdir_partal: "mkdir -p *

© cmd_im_seaborg:rm " + seaborg_rundir + ¥+ inputfile

@ ssh_identity: HOME +*/sshiid_rsa"

@ dir_log: HOME + “sis”

@ cmd_xfr_seaborg2hpss: “hsi put* + seaborg_rundir +*/ + input file +
®Cma_1r_hpss2pontal: Nefpget -f Acpre” + portal_rundir +*~+ hpss_undir + T + Inputfile

©fillers: test®, script Comma-delimited set of regular expressions denoting files not to be transferred until the last iteration.
Log output directory.

Command to run ligs to get listing of running jobs.
Command to get list of files on Seaborg.
Gommand to get list of flles on HPSS

Command ta get list of files on Portal.

Command to transfer a file from Seahorg to HPSS.
Command to transfer a file from HPSS to Portal.

*+hpss_rundir + *7* + input file
Command to areale the directory at HPSS. At runtime, this is appended with the actual directory name.
Command to areale a directory at portal. At runtime, this is appended with the actual directory name.

Command to delete the file at Seaborg.
File that contains the SSH public key.

I—

Critchlow
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NCCS/NLCF/NERSC Enabled
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